Immediately upon arriving in a harbour, he will select an appropriate site on which to erect the tents and the observatory, and will set up a guard.
Separately from observations relating to the determination of latitudes and longitudes, for which every known and practicable method will be used, and those needed to assess the declination and inclination of the dipping needle, he will ensure that any celestial phenomenon which may be visible be observed; and on every occasion he will give the astronomers all the help and facilities necessary for the success of their work.
Royal Instructions to Lapérouse, 15 February 1785 1
A Meeting
Jean-François de Lapérouse and his astronomer Joseph Lepaute Dagelet 2 (see Fig. 1 King, in his private journal for that day, also wrote that Dagelet had measured the geographic co-ordinates for the observatory. However, King was only to record the latitude of 33 • 59 , leaving a blank space for the longitude. A month later when Dagelet wrote to Dawes, he included his finally calculated geographic location, thus embedding into our history the only recorded geographic co-ordinates from the Lapérouse expedition made on Australian soil and one of the few surviving firsthand observations that have reached us from what was one of the great scientific voyages.
A Letter
Dagelet's letter to William Dawes was written on 3 March 1788, a week before the French expedition's departure from Botany Bay. 6 Dagelet was hoping to return Dawes' earlier visit to Boussole by travelling to Sydney Cove and inspecting his colleague's planned observatory site, but Lapérouse persuaded him not to undertake such an exacting excursion in his poor physical condition. The letter was in lieu of a visit. It contains advice on the construction of the planned observatory, a discussion of the current issues in astronomy as seen from a European point of view and several references to Dagelet's own work and his preoccupations as a scientist. According to Dagelet, it was delivered to Dawes by an English seaman ('I profit from the presence of your seamen to send you my farewells'). 7 This three-page letter, in Dagelet's hand, together with an informal note attached to it, has been held by the Mitchell Library in Sydney since 1915. It was donated to the Library by London booksellers and publishers William Wesley & Son, apparently in the hope that the then Mitchell Librarian, Hugh Wright, would instruct his staff to place orders for scientific books direct with them, rather than through an agent. In all likelihood it had travelled to England in 1792 with Dawes. 8 The letter had attracted little attention 9 until May 2005 when researcher Katia Smith, author of a project on the astronomy of William Dawes, 10 drew the Library's attention to the existence of the manuscript. Shortly afterwards it was featured in two exhibitions, 'Any News of La Pérouse?' (August-October 2005) and a web-based exhibition entitled 'Joie de vivre! The French in Australia', both organized by the State Library of New South Wales. 11 In 2008, it was sent to the Musée National de la Marine in Paris to be included in a major Lapérouse exhibition at the Palais de Chaillot. 12 Although one of the authors of this paper [DM] had been investigating the scientific activities of the Lapérouse expedition for some time, it was the re-discovery of this letter by Katia Smith that provided the incentive for the research on which the present paper is based, reinforced by reports on the recovery of scientific instruments from the wreckage of Lapérouse's two ships, Boussole and Astrolabe, at Vanikoro in the Solomon Islands.
Dagelet's Botany Bay Co-ordinates
No contemporary description of the French expedition's stockade with its boat construction site, garden and tent observatory has come down to us, although Philip Gidley King was to record that the expedition's priest Joseph Receveur 'was buried near where the French had their observatory', an important comment given that the gravesite has survived. 13 We also know that conditions at the observatory were not the most pleasant. Indeed, on 6 February Dagelet wrote to the Marquis de Condorcet, who was at the time permanent secretary of the Académie Royale des Sciences in Paris: 'I am blinded by the bites of flies which weigh me down in my wretched observatory.' 14 Two early images of the La Perouse peninsula have come down to us. On 1 January 1813, Absalom West published a series of twenty engravings of scenes around Sydney and New South Wales. These were the first illustrations of Sydney and its environs produced in Australia, and No. 1 in the series was a scene of the Botany Bay Heads and the La Perouse peninsula viewed from the mouth of the Cook's River (see Fig. 2 ). This engraving, based on artwork by the ex-convict John Eyre (b. 1771) and engraved by the former highway robber and newly arrived convict Walter Preston (b. 1777), shows an isolated unidentified house on the peninsula above and immediately to the north-east of the cleared area that is considered to be the site of Lapérouse's French encampment. 15 The other early image was published in London in 1825 by Joseph Lycett (c.1775-1828), who had left the colony in September 1822. Lycett produced an aquatint of Botany Bay also featuring the Heads and the La Perouse peninsula. This scene was similarly viewed from the mouth of the Cook's River. 16 There are written descriptions of the site in the mid-1820s, specifically those by René-Primevère Lesson, the botanist on Coquille under Louis Isidore Duperrey (1824), 17 and the explorer Hyacinthe de Bougainville, an important visitor in 1825. Bougainville's diary contains the following short description:
The spot chosen by Mr de la Peyrouse where to build new boats is situated at the far end of the second headland on the starboard side of the entrance to the Bay: this is an open plateau gently sloping towards the sea; you can still recognize the traces of the trenches which surrounded the fences intended to protect the workers against the attacks of the natives. At the foot of the slope there is a small cove where the sandy beach makes landing easy. Three hundred paces towards the North [error for East] is located a turret of gothic architecture which serves as a guardhouse for the detachment responsible for watching over this part of the coast. 18 Bougainville's description indicates that the later, and still existing, Lapérouse monument, built at his instigation and funded by him, is at or quite close to the site, a site that Lesson in the previous year described as being still surrounded by 'a wretched wooden fence' (or hedge, 'haie') 19 and where Bougainville was explicitly (but differently) to describe this fence as being surrounded by trenches. Bougainville in his official report of 31 July 1826 to André Jean comte de Chabrol de Crouzol, the then French Minister for the Navy, gave the following description of the location of the monument:
The monument Mr Ducamper and myself have had erected on behalf of France, as simple in its design as the inscriptions engraved on it, is located on the seashore, in the middle of the site occupied by Mr La Peyrouse's camp. Sir Thomas [Brisbane] granted me this spot and this is how we happen to own a few toises of a land of which the French have explored 200 leagues of its coast. 20 The monument is located at latitude S 33 • 59 18.2 by longitude E 151 • 13 50.4 . 21 In his letter to Dawes of 3 March 1788, Dagelet recorded the following coordinates for the observatory:
latit. 33 • 59 10 long. 149 • 6 30 . This is the position of our observatory.
Dagelet's co-ordinates, with the longitude calculated east of Paris, are followed in the letter by a conversion of the longitude to a Greenwich origin. This conversion appears to have been inserted by Dawes: + 2. 19. 0 151. 25. 30 Taking into account Dagelet's repeated observations, the rounding up of numbers and the true difference between the Paris Observatory origin and that of Greenwich, now known to be East 2 • 20 14.025 , gives an observation error equivalent to about fifty seconds in time. Had such observations been made by using only the sea timekeepers as reference, the accuracy would have exceeded that obtained by Harrison's prize-winning chronometer H-4 22 during its famous tests set up by Nevil Maskelyne. However, these co-ordinates were landbased and carried out primarily by making lunar and planetary observations, with the calculations made using the published tables and the observed astronomical time.
Dagelet's calculated longitude, which was very accurate for the method and the era, places the stockade and tent observatory some eighteen kilometres or so to the east of its actual location.
Observations and Instruments
In all likelihood, the results based on the lunar tables were compared with observations using the expedition's chronometers and sea time-keepers. It had been over four months since the clocks had been compared with a land-based observation. 23 To make such comparisons was one of the specific instructions to the astronomers, both on board the ships and ashore: 'and he [Lapérouse] will take care that such observations are multiplied so that the average result of different operations can give a more precise determination'. 24 The astronomical observations on board Boussole were generally made, or closely supervised, by Dagelet, d'Escures 25 and d'Arbaud. The 'prodigy' Roux d'Arbaud, Dagelet's former student at the Paris Military School, had been chosen to join the expedition in preference to his classmate Napoléon Bonaparte. 26 Where possible, Dagelet and d'Arbaud observed alongside each other, calculating their co-ordinates, using any one of a number of telescopes, sextants and clocks carried by the expedition. For both onshore and shipboard comparison, the expedition carried the best that French and English technology could offer: at least three and possibly four or more astronomical quadrants (including one of three foot radius built by Claude Langlois c.1756, his last work, and a smaller one by Canivet), a historic 'passage instrument' (a Rochon-built meridian telescope carried previously to California by Chappe d'Auteroche on his fateful 1769 journey to observe his second transit of Venus), four reflecting circles (personally designed and commissioned by Borda and built by Lenoir), an octant (designed by Rochon), a French-made sextant (by Mercier), at least four English-made sextants (two by Ramsden, one by Hadley and one fifteen-inch instrument by Troughton) plus a number of others not documented, three astronomical pendulum clocks (all modified to act also as simple pendulums by Dagelet's clockmaker uncle, JeanBaptiste Lepaute), five marine time-keepers removed from storage (these being two gimballed sea-clocks and three chronometers made by Ferdinand Berthoud for the King) and an English pocket chronometer. The large Langlois quadrant had been lent to the expedition by Jean-Dominique comte de Cassini: this instrument was of special historical significance, having been previously used by Cassini during his 1768 Atlantic voyage to test Pierre Le Roy's newlyinvented marine watches for the French navy. 27 It is in some ways difficult to judge which astronomical instruments, telescopes, tables and clocks Dagelet, d'Arbaud and the other observers used for their Botany Bay observations, but it is assumed that the best were used. The core instruments would have been the large Langlois quadrant, the Rochon meridian telescope 28 30 These various astronomical distance tables, in continuous use by Dagelet and the navigators on the expedition, were all very accurate, based on and limited only by the then known dimensions of the Earth. The tables had been compiled with an accuracy to the nearest minute of arc; that is, plus or minus half a minute of longitude. However, precision lunar observations, whether onshore or on the open seas, are always difficult, and celestial or planetary observations by telescope are virtually impossible on board a sailing ship under weigh.
An accuracy of measurement to half a degree of longitude on board ship should be considered as very good (not like onshore observations that were theoretically limited only by the accuracy of the instruments and the tables themselves). However, only exceptional observers like Dagelet and d'Arbaud were capable of obtaining the highest accuracy on both land and the open seas. There would have been a certain amount of pride in all their measuring. Lapérouse had certainly been impressed: on the way from Easter Island to Hawai'i he had written: 'M. Dagelet, in that crossing, as in all others, never let an opportunity slip to make observations of distances; their agreement with M. Berthoud's watches was so perfect that the difference was never more than ten to fifteen minutes of a degree: they acted as proofs of each other.' 31 Once the accurate Botany Bay co-ordinates and Paris time had been determined, the pocket chronometers and then in turn the gimballed Berthoud sea clocks would most certainly have been adjusted.
Among many other remains of astronomical instruments, various components of a Langlois quadrant of a radius of four feet, a Borda reflecting circle, Mercier's sextant, a sighting telescope and the Berthoud sea clock (No. 19) have been recovered from the wreck of Boussole on Vanikoro Reef, Solomon Islands (see Fig. 3 ). 32
The French Marine Clocks
The inventory of the Lapérouse expedition's instruments shows that the French, in addition to the astronomical pendulum clocks, carried five marine time-keepers made by Ferdinand Berthoud, the King's clockmaker (the gimballed sea clocks Nos 18 and 19, and watches Nos 25, 27 and 29), and one English pocket chronometer that had been given to Dagelet by the Marquis de Chabert shortly before the voyage. 33 This English watch, unidentified, was possibly made by Thomas Earnshaw or his contemporary and rival John Arnold, although there were a number of English watchmakers producing pocket chronometers by this time. In the mid-1780s, both Earnshaw and Arnold were producing boxed and pocket chronometers of excellent quality in some numbers. 34 Astrolabe 37 In March 1790, K-1 was saved undamaged from the foundering Sirius at Norfolk Island and transferred back to Supply. It was later to return to England with Dawes, although not under his responsibility, and survives to this day prominently displayed at the National Maritime Museum, Greenwich. 38 Dawes, it is known, carried a watch by Ellicott, personally lent to him by Nevil Maskelyne. 39 This watch, another with a history, had also previously travelled on Cook's second and third voyages, in the possession of William Wales. A number of others on the First Fleet also owned timekeepers: John Hunter, for instance, carried a 'reliable' chronometer by John Brockbank. 40 Two astronomical pendulum clocks that had travelled with Cook (see below) were also carried.
There is no reference that indicates whether Dawes and Dagelet or anyone from their parties succeeded in comparing their respective time-keepers whilst at Botany Bay and Port Jackson. It is possible that they did, although it is by no means certain that they had the opportunity to do so. We know however that both the French and the First Fleet carried the finest-quality clocks and chronometers.
Some Clocks Stopped
Unfortunate circumstances and accidents, including failures and stoppages due to negligence, did occasionally occur with these early chronometers, and this happened on both the French and the First Fleet ships before their arrivals at Botany Bay. This is how Philip Gidley King described the French clocks in his private journal: each Ship has 3Time keepers which are hung on gimbals made by Berthoud & goes with a short pendulum, they are rather complicated as an allowance is to be made for y e degree of heat, for which purpose a small Thermometer is kept, in each of y e boxes…. They had not been more attentive to their Time keeper than we were of ours as they had been let down three times, on b d both ships. 41 Lieutenant William Bradley, in his First Fleet journal, confirmed what King had implied about K-1, when he wrote on Friday 25 January 1788, as the fleet was about to move around to Port Jackson and before the French had arrived: 'We received the Timekeeper from the Supply where it had unfortunately been let down on the passage to this place'. 42 Captain Phillip and Lieutenant Dawes would have been extremely disappointed at this occurrence. Who was responsible? It certainly exacerbated the friction that was known to exist between them. There were strict procedures on Sirius and Supply regarding the supervised winding of K-1, including the requirement that Phillip with either King or Dawes was to witness its winding daily at noon (it required two keys). K-1 had accompanied Phillip, King and Dawes when they, at sea, transferred to Supply two weeks after leaving Cape Town on the way to Botany Bay; Supply was considered by Phillip to be faster than Sirius. The circumstances of the stoppage of the clock were described in a letter written by Dawes on 10 July 1788 to Nevil Maskelyne: whenever there is any thing to be got out of the hold, it is a very awkward rather dangerous thing to go from the quarter deck to the cabbin [sic] it was owing to this that on the 18th Decr.
[1787] the time-keeper was let down, as Captn. Phillip could not get down at noon to wind it up & it was not thought of afterwards by anyone till near six o'clock at which time it had been down above an hour; however the next day I got some exceeding good altitudes, from which the longitude was carried on, so that we were only liable to the inaccuracy of the log for two days. 43 Whereas the French had additional marine time-keepers, enabling them almost immediately to correct and reset those that failed, it was not possible to retain any such degree of accuracy on Supply, for when K-1 stopped it also was likely, on winding, to have changed its rate. However, Dawes reacted positively and was able partially to save the situation with some diligent and quite impressive observing. 44 Dawes from his observations on a moving ship confidently calculated that K-1 had stopped for '1 h 9 44 '.
On 3 January 1788, King wrote that Dawes was able to correct K-1 by a further 3 minutes 21.7 seconds (minus) by comparing his observed longitude of South West Cape (Tasmania) against the longitude observed previously by Cook. This was Dawes' first Australian observation. Cook's quite accurate 1777 longitude for South West Cape at 147 • 07 00 East, observed on Resolution, had been determined by either himself or his astronomer James King, using K-1 as their clock. 45 Cook's co-ordinates for South West Cape were very close to the true location: the longitude was within ten kilometres. It is interesting to note that when Dawes reset K-1, he recorded its rate (that is, its rate prior to stoppage) as having been minus 3.17 seconds per day, virtually the same rate as on Cook's 1777 expedition. Not until September 1788 at Sydney Cove was Dawes able to recalibrate K-1.
This had been a serious incident and it certainly precluded those on the First Fleet, Dawes particularly, from obtaining precise longitudes until a shore-based observatory was set up.
Why So Few Surviving Measurements?
The relationship between Lapérouse and the scientists on Boussole and Astrolabe was not without its problems. In a letter to the Minister for the Navy, the Maréchal de Castries, 46 Lapérouse commented on why the presence of the scientists on board ship caused tensions: 'Generally they are a class of people so full of self-conceit and vanity that they are difficult to manage during a long campaign. However I have gradually succeeded in making them tolerate each other, which is no mean feat. The absolute exception is Monsieur Dagelet who does the same work here as ourselves, 47 and probably better than us.' 48 Whilst Lapérouse was fully aware of the scientific purposes of the voyage, clearly defined in the royal instructions and in a memoir of the Academy of Sciences, 49 he was sceptical of the usefulness of some of the work carried out by the scientists and suspicious of the broader philosophical preoccupations of some of them, in particular the chevalier de Lamanon. 50 More importantly, Lapérouse's priorities were different from those of the scientists. He resented the time spent at port and was anxious to take advantage of the seasons and favourable winds at sea, giving priority to the charting of coasts and landforms (a task to which Dagelet made a significant contribution 51 ) at the cost of the time allowed for scientific observation and the collection of specimens on land. This, together with the overcrowded conditions in which the scientists were accommodated, gave rise to tensions between the officers and the scientists. It could be argued that this was unavoidable. 52 In his reports to his superiors (his close friend the Director of Ports and Dockyards, Charles Pierre Claret comte de Fleurieu, who was the primary instigator of the expedition, 53 and the Minister for the Navy, the Maréchal de Castries) Lapérouse often showed his irritation with the scientists. In a report written two months after the departure of the expedition from Brest, he even suspected Dagelet of a 'tendency towards laziness' for not keeping his books according to naval standards, although he corrected this assessment five months later when he described Dagelet as an 'excellent and very hardworking astronomer'. 54 The purpose of the expedition was to collect commercial, political and scientific information and the extensive instructions issued, including those on confidentiality, were designed to delay the dissemination of the discoveries until after Louis XVI had been personally presented with the complete logs and journals. The scientific measurements, observations and results were to be withheld until the conclusion of the voyage:
All the drawings made during the voyage, all the boxes containing natural curiosities, as well as the descriptions thereof and the books of observations, will be handed over to Mr de la Pérouse at the conclusion of the voyage; and no scientist or artist shall retain for himself or for anyone else any item of natural history or any other object which Mr de la Pérouse considers worth including in the collection intended for his Majesty. … Prior to his return to the port of Brest at the end of the voyage, or before reaching the Cape of Good Hope if he has to call there, Mr de la Pérouse shall collect every journal of the campaign that may have been kept on the two frigates by the officers and gardes de la marine, by the astronomers, scientists and artists, pilots and other persons: he shall charge them, on behalf of His Majesty, with maintaining absolute silence on the aim of the voyage and the discoveries that may have been made, and shall require thereon their word of honour. He shall moreover assure them that their journals and papers will be returned to them as soon as His Majesty shall have given His permission for this to be done. 55 It is likely that Lapérouse chose to interpret these instructions narrowly and that, in order to retain control over the publication of the results of the expedition, he prevented the scientists from sending progress reports from the various ports of call. Lamanon's description of the scientists' routine in November 1785 confirms this interpretation: 'Since at every port of call we hand over to Mr de la Pérouse the analytical abstracts of our journals, the report of the voyage is being written as we go and it will be posted to the printer the day of our arrival.' 56 This is consistent with the claim by Lalande, who frustrated by Dagelet's failure to send him the results of his observations, attributed it to his leader's orders: [Dagelet] wrote to me from each port of call, but he did not send me any observations. This was at the insistence of La Pérouse, and the great trust he showed in d'Agelet prevented the latter from saying the least thing which was contrary to the will of his captain. This disastrous precaution, motivated by jealousy or vanity, has deprived us of the fruits of this work. 57 Whilst Lalande's suggestion that the orders of Lapérouse were motivated by jealousy or vanity is likely to be misguided, it is undeniable that the results of a great deal of invaluable work were lost forever. Lapérouse himself unwittingly described this loss when he wrote that Dagelet 'made astronomical observations … which will be the subject of several memoirs for the academy of which he is a member'. 58 Whether the problem was of the scientists' making or Lapérouse's, most of the original measurements, observations and collections were lost on the reefs of Vanikoro. Except for some primary tables preserved in Lapérouse's journals, 59 specifically the route geographic coordinates that in places were combined with Dagelet's magnetic declination and inclination measurements and Lamanon's separately recorded air pressure tables, only the briefest mentions of the expedition's scientific experiments have made it to our times. Most of the known scientific activities of the voyage have been gleaned from personal correspondence. A number of ethnological and natural history specimens from the scientists' stored collections have been recovered from the Vanikoro wreck sites. These include a banksia fruiting cob. 60 Dagelet in a letter to Fleurieu from Botany Bay dated 5 February 1788 supplied the last of the route co-ordinates and the last of the magnetic declinations and inclinations observed from Kamchatka to when the expedition was nearing the Australian coast. 61 When 
Robert de Lamanon
The significance of the loss of scientific discoveries made on Boussole, and to a lesser extent Astrolabe, is fully realised when considering those few experiments that have survived, particularly those made by the chevalier de Lamanon that were reported in personal correspondence to Condorcet. 62 Lamanon's measurements and conclusions on air pressure tides made near the equator, his equatorial magnetic dip measurements (i.e. zero dip), his ship's magnetism and compass-compensation measurements and his discovery that terrestrial magnetic intensity increases towards the Earth's poles, were all scientific discoveries of historic importance:
I observe the iron bars I have had fixed to the ship, other non-fixed iron bars, the oscillations of the horizontal and perpendicular needle, of a weight carried by a magnet according to the latitudes. In short, I trust that for a long time no one has collected so many facts on this subject. 63 Lamanon's measurements of magnetic intensity were primarily and simply made (in stable conditions) by placing a dip circle needle into oscillation and then accurately counting the oscillations in a set period of time or until the needle returned to rest, although it seems he also observed the strength of magnets at different latitudes. Knowledge of Lamanon's magnetic dip and intensity experiments, confirming the expectations of the chevalier Jean Charles de Borda, survived only in the letters to Condorcet. The accompanying shipmagnetism and magnetic compensation (iron bar) experimental data are sadly lost but his air pressure observations have, as mentioned, survived in Lapérouse's journal.
There is no record of Condorcet or others presenting a report to the Paris scientific societies based on Lamanon's personal correspondence. However, many years later, in 1844, Alexander von Humboldt included a footnote in his Cosmos quoting from a copy of a letter written by Lamanon to Condorcet in July 1787: at that time the copy was in Louis Isidore Duperrey's possession, the original having already been lost. 64 Humboldt wrote that Condorcet very probably read this letter to a meeting of the Academy of Sciences, and he readily accepted Lamanon's precedence in the discovery that terrestrial magnetic intensity increases from near the equator towards the poles. Humboldt was quite specific in emphasizing this, despite his uncertainty regarding Condorcet's actual actions. Humboldt was at the time personally credited with this discovery, on the basis of measurements that he and Aimé Bonpland made during their epic Central and South American journey of 1798-1804. His comments in Cosmos are therefore highly significant:
Although not absolutely certain, it is very probable that Condorcet read Lamanon's letter of July, 1787, at a meeting of the Paris Academy of Sciences; and such a simple reading I regard as a sufficient act of publication.… The first recognition of the law belongs, therefore, beyond all question, to the companion of La Perouse; but, long disregarded or forgotten. 65 Duperrey's copy of Lamanon's letter, sighted by Humboldt, has also been considered lost. However, a notice of sale at auction by Christies in New York in June 1999 of a copy of Fleurieu's Découvertes des François en 1768 & 1769, dans le sud-est de la Nouvelle Guinée (1790) with manuscript material bound in might shed new light on Lamanon's ground-breaking work. The material bound with the book ('notes and inscriptions inside front cover, autograph manuscript bound in at end') reportedly consists of a manuscript of twenty-two pages on natural magnetism with provenance to Louis-Isidore Duperrey. It is also said to include manuscript copies of reports and correspondence between Le Dru and Lapérouse, containing their observations on magnetism during their travels in the South Seas. 66 This manuscript material is almost certainly relevant to the Lapérouse expedition; it could contain Lamanon's (and possibly Dagelet's) magnetic observations. Unfortunately, we do not know its current owner or location. (It should be remembered that Lamanon and eleven others, including Fleuriot de Langle, a very capable astronomer and the captain of Astrolabe, were massacred on the beach at Tutuila, Samoa, on 11 December 1787, some six weeks before the ships arrived in Botany Bay.)
Help from Others
Dagelet throughout the voyage made observations with both declinometers and dipping circles. He also carried out measurements of tides and soundings of sea depth, measured the navigable bearings of and in harbours and on a couple of occasions observed astronomical time and measured the oscillations of the pendulum. 67 He probably made other observations as well. 68 Disappointingly, other than some North American and Russian Pacific coast observatory co-ordinates from earlier in the voyage, published in Lapérouse's journal, and some expedition maps, there are no actual scientific measurements that have survived that can be attributed directly to Dagelet. The co-ordinates that he sent to Dawes are the only addition to those forwarded to France by Lapérouse.
Others assisted Dagelet, of course. His colleague Louis Monge performed some measurements before his early departure from the expedition at Teneriffe in August 1785 because of severe seasickness. D'Escures and Lamanon certainly assisted and it is known that the Astrolabe's captain Fleuriot de Langle and a number of his officers, including Fréton de Vaujuas, Lieutenant Blondela and Law de Lauriston, also helped with on-shore astronomical observations. 69 It is undeniable that Dagelet's assistant, d'Arbaud, observed, for Lalande points out that Dagelet 'never stopped praising him to me'. Dagelet wrote to Lalande that 'all our geographic points are identified in a rigorous manner. My dear d'Arbaud and I are so accustomed to the distances from the moon to the stars that we checked our sea time keepers without the least uncertainty.' 70 Astrolabe's chaplain and naturalist/ geologist Father Joseph Receveur most likely observed and collected up until his death at Botany Bay on 17 February 1788 71 as did Boussole's chaplain, the multiskilled Father Jean-André Mongez, about whose abilities Lapérouse expressed some doubts. 72 It was a specific royal instruction that the officers, marines and crew were to assist with whatever was necessary to obtain information on navigation and science. The scientists, in return, were to impart their knowledge, including theory, to the crew. 73 A number of the officers and sailors became fully trained in the use of the scientific instruments. In a letter to the Maréchal de Castries, Lapérouse commented: 'M. Dagelet is an excellent and very hardworking astronomer. He trained all the officers so well that we could do without him, but we would infinitely regret his absence as no one could be more pleasant and more knowledgeable.' 74
The Memoir of the Académie Royale des Sciences
In addition to Lapérouse's royal instructions, there was a supplementary memoir written on behalf of the Academy of Sciences that included specific observations and measurements that the Academy recommended the scientists make. Lapérouse was instructed to allocate the tasks.
The first recommendation, or request, was as follows:
One of the most interesting forms of research navigators are in a position to carry out is ascertaining the length of a pendulum with seconds at different latitudes. The inductions which have been drawn from this instrument thus far to determine the variations in gravity have been based on a small number of operations made by different observers with different instruments; and this lack of uniformity in the procedures has necessarily influenced the certitude of the outcomes deduced from the comparison of the results. One is aware of the value of a set of operations of this kind made with care by the same persons with the same instruments; and the academy cannot prompt too forcefully navigators to carry out this work with the greatest accuracy at every port they call at. Determining longitudes will necessarily be one of the principal tasks the travellers will devote themselves to. 75 Despite the somewhat convoluted wording of this request, it is obvious that the Academy was not happy with the extent of the existing global gravity measurements or their reliability.
Along with the recommendations of the Academy of Sciences, Lalande claimed that it was he who had requested Dagelet to observe the variances of the pendulum in the southern hemisphere and he who had supplied him with an invariable pendulum to make such measurements. There is no reason to doubt Lalande's claim. He even described the instrument:
I entrusted to him an invariable pendulum, the one I had received from my friend La Condamine: this pendulum was made in America, and I had already sent it to Africa and Siberia. In my Astronomy I gave the number of oscillations it displayed in each of the countries. I would regret the loss of this instrument if the thought of far more grievous losses left place for this. 76 It is to be understood, however, that Dagelet knew the Academy's recommendations very well. As the most recently appointed member of that body, he attended the meetings at which the recommendations were discussed-indeed, it is very likely that he assisted with their drafting.
Dagelet's Historic Pendulum
As mentioned above, this pendulum, modified by Jean-Baptiste Lepaute, Dagelet's uncle, was the scientist's instrument of choice for the measurement of seconds with its attached levelling, viewing and comparison paraphernalia. It was one of three astronomical pendulum clocks carried on the voyage. This instrument was of special significance: Lalande described it as having been made by La Condamine in America. It is likely that it was the actual pendulum (or one of them, at least) used by Louis Godin, Charles-Marie de La Condamine and Pierre Bouguer on the historic expedition to Peru (1736-1745), during which they, with others, precisely measured baselines, surveyed (triangulated) an arc of the meridian, observed pendulum oscillations and recorded what at times were conflicting plumb line deviations. 77 The Peruvian meridian survey, truly epic in its extent, identified incompatibilities between the observed astronomy and the observed gravity. The deviations in the plumb line due to the mountainous Andes were enough to throw into confusion the results of the survey (their plumb-bobs were rarely measuring vertical!) and it caused tensions between La Condamine and Bouguer. They were measuring deviations that were at the limits of the capabilities of their instruments and they were unable to agree on the causes of their observed errors, accusing each other of substandard measurements. They eventually went their own ways.
The survey by La Condamine and Bouguer, concurrent with that of Maupertuis and others in Lapland, had been intended to prove with the measurement of two arcs, one observed near the equator and one towards the north pole, that the Earth was oblate. Despite the extreme difficulties, they did confirm this. The shape of the Earth had been predicted to be oblate, but geodetic work by the Cassinis (I, II and III) had suggested, erroneously, that the opposite was the case, that the Earth was prolate. When the Peruvian results arrived back in France in 1744, Cassini III was finally to concede that his family had been wrong, after having defended for many years the stand taken by his father and grandfather.
The results of the companion experiments by La Condamine and Bouguer to determine the density and weight of the Earth from their sidereal, pendulum and plumb-line measurements were, in Bouguer's opinion, not satisfactorily carried out. Bouguer considered their observations to be at the same magnitude as the accuracy of the observing procedures. 78 The pendulum set up by Dagelet at Botany Bay was either the pendulum used in these experiments, or one of the other Peruvianexpedition pendulums.
In 1774, Dawes'mentor Nevil Maskelyne undertook gravity experiments in Perthshire, Scotland, to prove plumb-line deviations by mountain masses. Maskelyne observed significant plumb-line deviations on two baselines he had pre-planned and astronomically surveyed on either side of the mountain named Schiehallion. He measured the deviations accurately and from these was able to calculate the density of the Earth. 79 The Shelton astronomical pendulum clock used by Maskelyne in these Scottish measurements was possibly the very one used by Dawes at Sydney Cove-although the historical record on this topic is conflicting (see below).
The Pendulum in Africa and Siberia
Lalande's claim that the Lapérouse expedition's pendulum had been sent by him to Africa and to Siberia is significant as it suggests that this pendulum was the one used by the abbé Nicolas-Louis de La Caille at the Cape of Good Hope in the early 1750s. This was another astronomical and geodetic expedition during which an arc of the meridian (the first in Africa) was measured and where again substantial (and incompatible) local variations of the plumb line were observed. a grander enterprise, one more worthy of you, Sir, would be to attempt to measure a degree of the meridian under this hemisphere. That was the greatest wish of the Academy and also my own at the outset of this campaign-I did not despair of completing this task within 4 months, provided that the position was favourable. 85 Such a geodetic programme would have required major survey triangulations over many kilometres, commencing with the slow and precise measurement of a primary baseline in the order of ten kilometres in length. 86 Dagelet's words to Dawes certainly suggest that such a measurement was planned as part of the scientific programme.
The published scientific inventory of the expedition 87 suggests that Dagelet was equipped to perform such a task, for it lists, in addition to the expedition's astronomical equipment, at least four survey theodolites or graphometers (some with telescopes), chains, staves and, most significantly, a steel reference toise bar (or rod) 88 and its associated étalon (translated as 'standard'), an instrument described as being that used by La Condamine in Peru: 'A steel toise with its standard, the same which served to measure the degree of the meridian in Peru'.
However 91 and Mathieu Tillet of the Academy of Sciences. Canivet additionally made commercial copies that were sold for £225 each. 92 According to both Gaziello and Marquet, 93 the following sentence in the Academy's draft recommendations dated 8 June 1785 was struck out some time between the meetings of 25 May and 8 June 1785 and all mention of the subject was subsequently omitted from both the Academy's Memoir and the Royal Instructions. We know that Dagelet was present at both these meetings: 94 It might occur that the navigators stay long enough in a country to be able to measure a degree of the meridian. Consequently it is essential that they take with them one of the Academy's toises so that they are not exposed to the risk of missing the opportunity of carrying out such an important observation because of the lack of an instrument.
The deletion of this sentence suggests that the Academy of Sciences decided against entrusting the Toise du Pérou to Lapérouse and also against expecting the expedition to perform such a time-consuming measurement. The question whether a toise and étalon of equivalent quality were actually carried is answered by a supplementary inventory dated 15 July 1785, 95 which lists, in addition to Canivet's two foot quadrant and some other equipment and books, an iron toise by Canivet. There is no mention, however, of an accompanying étalon. It is not illogical that a toise was actually carried on the expedition, despite the apparent cancellation of any baseline or meridian work, as one would have been necessary for any surveying where the measurement of precise distances was needed. According to Marquet a toise 'in leather' was carried by Lamanon, although leather (cuir) could be a misreading for copper or brass (cuivre rouge is copper, cuivre jaune brass). 96 The étalon, for normal field survey purposes, was an important component of a toise-originally it was the étalon (also described as a 'matrix') that was constructed as the precision 'standard' into which the toise was inserted for the purposes of both comparison and protection. However, in the context we are describing here, particularly with the Toise du Pérou, the étalon seems to have been used in the field to check the accuracy and to adjust, as needed, the copper-capped wooden règles used for surveying. These règles (or 'rules') were checked for accuracy by placing them between the end talons of the étalon. This indicates that there was a distinct change in the use of the étalon during its association with the Toise du Pérou.
Any survey-quality toise (and any étalon), particularly those built by Langlois or Canivet, would have been stored in lined and protective timber cases and they would have been rarely, if at all, removed from their cases during the voyage. It is unlikely that any toise was taken ashore at Botany Bay. 97 The marine archaeological work on Vanikoro Reef has located a copper plaque from a timber case, possibly one for a toise. 98
Declinometers, Magnetic Maps and Cook's Dip Circles
Throughout the voyage and until the time the French ships were about to arrive at Botany Bay, compass variation (magnetic declination) was observed as a normal course: Dagelet, as previously mentioned, documented these observations. 99 Such declination determinations, essential knowledge for all navigators and compass users, were at times complemented with measurements of magnetic dip, or inclination. Dip was, however, difficult to determine with any precision on board a moving ship. It had been a specific instruction to Lapérouse to ensure that such measurements were, weather permitting, made daily and that, upon arriving in a harbour, an observatory be set up, primarily to observe latitude and longitude but also to assess both 'the declination and [the] inclination of the dipping needle'. 100 The expedition carried a number of declinometers (azimuth compasses) that were quite suitable for measuring small magnetic variations. Two new azimuth compasses had been purchased fromAdams 101 by the expedition's chief engineer Paul Monneron on a somewhat clandestine trip to London in March 1785. 102 Monneron was to spend over four thousand pounds on equipment in London and in addition to the Adams compasses he bought important items from Ramsden, Troughton and Nairne & Blunt, including a number of sextants, theodolites, telescopes, pocket compasses, thermometers and barometers. 103 He also privately purchased a Hadley sextant for Fleuriot de Langle. A third, very fine boxed declinometer, by the English instrument maker Henry Gregory, 104 was also carried, for in 2005 remains of it were recovered from the wreck of Boussole.
Although no records of Dagelet or any other observers making declination measurements at Botany Bay have been located, it can be assumed, provided expedition instructions were adhered to, that such measurements were carried out.
It was during Monneron's buying trip in London that Sir Joseph Banks became aware of the French plans for an expedition. On behalf of the Royal Society of London, Banks, as its president, had the Board of Longitude lend the French expedition two dip circles that had previously travelled with James Cook and Charles Clerke on Resolution and Discovery (Cook's third voyage 1776-1779). 105 These historically significant instruments built by Edward Nairne (and already worthy to be museum pieces) were forwarded by Banks to Fleurieu in a locked case made from 'timber of the islands'. 106 A third dip circle, an 'inclinatorium' by Le Dru, was also carried on the voyage, as was a 'miner's compass'. 107 No description of either of these instruments or their use has been located.
In volume 10 of the Dictionnaire universel, historique et bibliographique (Paris, 1810), in the biographical entry on Nicolas Philippe Le Dru (or Ledru) there is an intriguing reference to his having entrusted a variety of instruments (presumably the 'inclinatorium' being one) and copies of magnetic maps to Lapérouse. According to the unnamed author of this entry, these 'nautical maps [followed] a system different from those of Halley and his successors'. In the early 1700s, Edmond Halley produced two maps, the first of their type, one of the Atlantic Ocean and another of the globe, showing contours of the Earth's magnetic declination: it is likely, although by no means certain, that Le Dru's maps were similar in their purpose if not their execution. The author of the biographical entry claims that Le Dru had developed a system that 'was able to determine at any time the magnetic direction and inclination, through a simple and inexpensive process, without a compass or a magnet, with as much accuracy and certainty as if he was using the best instruments'. Le Dru (again according to the entry) had collated over two million items for this purpose (!) and 'the major part of this system was vindicated by the voyage of Mr de Lapérouse to whom he had given very detailed notes on this subject'. The same entry claims that this was known, in part, from Lamanon's correspondence with Condorcet. Whilst the scientific credibility of Le Dru's method of observing terrestrial magnetic components is doubtful, he did supply both instruments and instructions to the expedition. It is likely that, in addition to Le Dru's maps and instructions, the expedition also carried maps indicating known declination and dip measurements from earlier travels: we know that the Pacific Ocean was almost devoid of such information.
Magnetic inclination (dip) was measured throughout the voyage on Boussole, and somewhat irregularly on Astrolabe. These dip measurements were, with Lamanon's pioneering magnetic intensity oscillation experiments, made with one of the Nairne dip circles. It is likely that dip (and the timed oscillation) measurements did not cease after Lamanon's death in Samoa and were continued at Botany Bay by one of Lamanon's assistants, or possibly by Dagelet or Father Mongez, but nothing in the existing sources confirms this.
'Variations of Variations' and Magnetic Intensity
Dagelet in his letter to Dawes made a comment on the daily 'variations' in magnetic declination:
The daily variations of the magnetic needle occupy many minds in Europe. I have had the honour of telling you what this research amounted to. An 8 or 10 inch needle in a wooden box placed on one of the blocks which goes with your observatory would provide a stable point to fix it firmly. 108 Whether such observations were made or at least attempted at Botany Bay is not known. Dagelet was however interested enough in the subject to bring it to Dawes' attention and then to suggest it as a type of observation suitable for the new observatory at Sydney Cove. Dagelet was well versed in current discussions on the subject and his knowledge would have been very enlightening to Dawes. He certainly knew that this question did 'preoccupy' many in the Academy of Sciences.
The philosophers of the Academy of Sciences were at that time (the mid-1780s) particularly anxious to understand the internal properties of the earth and as the arbiters of the geomagnetic theories and observations of Franz Aepinus, Tobias Mayer and others, they wanted evidence as to whether the observed short-term deviations in the magnetic declination and inclination had some regular form. The short-term disturbances were not at all understood and it would be many years before it was discovered that such deviations were mostly related to disturbances on or of the sun. No terrestrial magnetic intensity measurements, for instance, had been successfully carried out before those made by Lamanon on the Lapérouse expedition, despite attempts by Borda and others to observe such things. Borda had, on at least two Atlantic Ocean voyages in the 1770s, attempted to measure changes in the intensity with a dip circle. He was unsuccessful due to inadequate instrumentation, mostly related to friction in the pivots of his dip circle.
It was a primary request in theAcademy's memoir for the expedition under the heading of physics that the scientists observe the magnetic properties of the Earth. This request included a reference to Borda's unsuccessful Atlantic Ocean experiments:
As the observation of the declination of magnetic needles is one of the most important means of direction employed by navigators, the academy restricts itself, on this topic, to recommend to them to observe, with the help of the accurate instruments which have been entrusted to them, the diurnal variations of the needle whenever they pass some time on land.
It has been recognized, through observations made first at Brest, Cádiz, Tenerife and at Gorée, on the coast of Africa, and then again at Brest and Guadeloupe, that the intensity of the magnetic force of the needle was broadly the same in these different places. The academy would like navigators to repeat these observations on broader expanses of land, calculating the magnetic force on the basis of the duration of the oscillations of a good needle of inclination.
The observations in question cannot be very accurate unless they are carried out on land or in the shelter of a harbour. However it would be advantageous to try them also at sea, in very calm weather; perhaps they would yield sufficiently accurate results. It would be particularly interesting to test the magnetic force at points where the inclination is the greatest and at those where it is the smallest. 109 The observation of such daily and shorter-term deviations of the compass needle with either an azimuth compass or a telescopically-viewed boxed declinometer, as requested by the Academy in 1785, was not to become a normal observatory measurement until the third decade of the nineteenth century. The continuous recording of the deviations of the components of the Earth's magnetic field has since become standard practice at geophysical observatories and laboratories throughout the world.
It is to be hoped that dispersed or lost correspondence from the expedition may one day be located, to clarify whether declination, inclination and intensity measurements were made at Botany Bay. However, the knowledge that this was even discussed by Dagelet, Dawes, King, d'Arbaud and others in February 1788 is in itself significant. The dinner and night-time discussions at the French encampment on the northern shore of Botany Bay on 2 February 1788 would certainly have been enlightening for the British visitors.
Dagelet's Astronomy and His Suggestions to Dawes
Dagelet's letter to Dawes gives no indication of any astronomical observations, other than the co-ordinate determinations, that he or d'Arbaud might have made during the six-week life of the Botany Bay observatory, but the fact that Dagelet wrote to Condorcet complaining of the sandflies suggests he spent long nights at his telescopes. This was his profession and it can be assumed that, in addition to determining his location by astronomical time and his pendulum experiment, he observed celestial subjects that were of interest to him. There were several telescopes suitable for precise astronomical observations on Boussoleparticularly the one, mentioned earlier, that had been carried by Chappe d'Auteroche to California on his journey to observe his second transit of Venus in June 1769 (and then later used by Cassini IV in 1778). 110 This would have been Dagelet's primary transit telescope.
It appears that Dagelet's meeting with Dawes and King at Botany Bay in early February 1788 was convivial: judging from Dagelet's personal comments in both his letter and his separate short note, the two astronomers got along exceedingly well. Dagelet's suggestions to Dawes on the types of astronomical observations he should make at Sydney Cove were also accompanied by hints on setting up the observatory and advice on what equipment to obtain for it-suggesting, for instance, the ambitious addition 'at some future stage in the development of a sector with a radius of 6 to 8 feet'. Dagelet also gave advice on what to observe, emphasizing the direction of his own interests: devote time to the comparative research of the right ascension of the Sun and some stars which provide the setting of coelum Australis … If you were to observe some of Venus's conjunctions, either superior or inferior, you know perhaps that I have studied its movements and intend to return to this research one day.
Dagelet included a somewhat convoluted and confusing suggestion to avoid the need to make 'comparisons' when using his quadrant and similar instruments and to be diligent in noting the slightest changes or improvements to his instruments to 'save you those "ifs" and "buts" of disputatious people'. Dagelet's suggestion to keep concise, unambiguous records was sensible, but whether this was just general advice for Dawes or whether it was a response to difficulties Dawes was already experiencing with individuals at Port Jackson is not obvious. Were Dawes' known confrontations with Phillip already serious? Dagelet's friendly advice was offered humbly: 'This, Sir, is advice you doubtless do not need, and I am only offering it because of the absolute certainty I have that you will see it as proof of my sincere friendship for you and my concern for all your interests'.
As discussed earlier, Dagelet also suggested to Dawes the 'grander enterprise' to measure a degree of the terrestrial meridian 'in this hemisphere'. This was a task that neither Dagelet nor Dawes was ever in a position to undertake.
Dagelet's suggestions, including those on the construction of the observatory, were partly based on the descriptions of the Sydney Cove observatory site by Lieutenant Charles-Marie Fantin de Boutin of Boussole. Boutin, it is known, had inspected the foundations of Dawes' observatory and it is very likely that he was one of the three unidentified officers who accompanied Father Mongez on his visit to Sydney Cove around 21 February. 111 Dagelet's general interest in science is very obvious from his suggestions to Dawes on oceanographic, hydrographic and meteorologic topics, specifically his suggestion on properly establishing a tide pole, observing and comparing seasonal tides, temperatures and 'the strength or violence of the winds in this hemisphere'.
Dagelet's Short Note to Dawes
The undated and unsigned note by Dagelet to Dawes, written in the third person, was penned before his letter of 3 March and it is likely that it was carried by Lieutenant Boutin as an introduction to Dawes around 21 February. Although this is conjecture, it has some basis, since Boutin reported back to Dagelet with a description of the construction of Dawes'observatory: 'M. Boutin has easily explained to me the plan you have chosen and that you are currently having carried out'. 112 Dagelet's note has three significant features:
First, it suggests that there had been other communications between Dagelet and Dawes, with the note itself likely to have been a response by Dagelet to specific requests made by Dawes. Dagelet, for instance, says: 'He would be flattered to be able to do his errands for him in Europe'. This appears to be a reply to Dawes rather than an unsolicited offer.
Secondly, the note contains a set of interim co-ordinates for the Botany Bay observatory: 'Latitude will diverge little from 33 • 59 0 and longitude from 149 • 2[ ?] or[igin?] Paris'. These coordinates have a less accurate latitude than would be expected, suggesting that Dagelet had not, at the time of writing, actually observed one, and a longitude, if deciphered correctly, which is closer to the true longitude than was his later averaged observation of 3 March. This interim longitude, in fact, is about ten kilometres closer to the true co-ordinate than his final determination. Dagelet was definitely awaiting confirmation of the calculations of the astronomical and lunar observations. It is good, however, to have a longitude calculation that may have been uncontaminated by later averaging-it was indeed very accurate.
The third feature of Dagelet's note is related not to the text but to the reverse of the note where a series of mathematical calculations have been made. These are not in Dagelet's hand but in that of Dawes. There are no indications as to when Dawes made them. The various calculations are mathematical demonstrations related to observations of the lunar cycle (see Fig. 4 ).
Dawes is attempting to describe numerically (albeit roughly) the concept of the Moon's movement in relation to the stars during its monthly cycle by using the phases of the Moon to describe its daily rate of the change in degrees. The full Moon shifts one zodiac constellation each month. Dawes' demonstration of this is particularly evident where he has calculated '403.7' (degrees) in the centre of the page-the answer should be around 389-390 degrees (360 degrees plus 29 or so degrees due to the movement of the Sun in that time). This calculation by Dawes, with an error of over ten degrees, can be refined with more accurate input values as well as a more precise value for π. In his demonstration he has the various values '14 × π/4' and '355/113' (an accurate value for π) and a multiplication by '60'. These are all indications that he is attempting to correct the calculation, or showing how to correct it. However, the error is still there. None of his calculations achieve the accuracy required and it appears that he forgot to include '+1' in the required equationthis is the approximate daily motion of the Sun catching up with the background of the stars. 113 The page also includes a longhand calculation for the square root of two. 114 This series of mathematical calculations may be Australia's earliest documented scientific or working calculations. However, without a date or defined results, this is conjecture. It is possible that the calculations were part of discussions Dawes was having with Dagelet and others on board Boussole on the night of 2 February 1788, although it is more likely that the calculations were made later at Sydney Cove, with the re-used paper highlighting the shortages at that time. 115 Without knowing whether Dagelet's words or Dawes' mathematics came first, when these calculations were made remains unknown. The nature of the calculations certainly indicates the high level of technical ability and didactic skills possessed by Dawes.
Dawes'Astronomical Pendulum Clocks
As mentioned earlier, when the First Fleet and the Lapérouse expedition arrived at Botany Bay, they were both equipped with instruments that had been carried by Cook on his third voyage; namely, the Kendall K-1 chronometer and the Ellicott watch in the case of the First Fleet, and the Nairne dip circles in the case of the French. However, in addition to these, there were others. It is most likely that the Shelton astronomical pendulum clock established by Dawes at his Sydney Cove observatory had travelled on both Cook's second and third voyages, whilst his 'assistant' or 'journeyman' clock, also built by Shelton, had most definitely travelled with Cook on Endeavour, playing an integral part in the historic observation of the transit of Venus at Tahiti in 1769. It had a second hand and it gonged minutes.
There are some doubts as to the true identity of Dawes' primary Shelton clock, even though it is generally considered to be the one known as 'Clock C' carried on Cook's second voyage, and then later described as 'Clock No. 2' on his third voyage. 116 This longitude was recorded in 'hours' east of Greenwich, the figure converting to E 151 • 21 , and had been made from repeated observations. It places Dawes' observation site a number of kilometres east of its actual location. This suggests that the lunar and astronomical tables used for the calculations were inherently in error, although the error could have been compounded by K-1 if, as is likely, it was used: its rate had indeed changed since it had been allowed to run down in the Indian Ocean. Dawes would have been well aware of this. Dagelet's Botany Bay longitude observation suffered from a somewhat similar easterly error. The latitude Dawes gave is, however, quite precise; it was observed using the Bird quadrant set on a tree stump and is compatible with that of the observatory site. This early setting-up of the Bird quadrant shows that there was a fixed astronomical observing point at Sydney Cove from February 1788, many months prior to the establishment of Dawes' solid sandstone observatory. The tree stump must have been fairly substantial, sawn at a suitable height for observing with the quadrant and with a diameter capable of supporting and securing the solid cast-iron base of the instrument.
The French Lieutenant Boutin first reported the existence and location of the quadrant, in his verbal account to Dagelet shortly after 21 February. Dagelet acknowledged the set-up in his 3 March letter to Dawes: 'I find that your q.c. [quart de cercle or quadrant] is perfectly well placed and leaves nothing to be desired from any point of view'. Considering our knowledge of the early observations, observers and dates (from Dawes' correspondence to Maskelyne), it is possible, even likely, that it was Lieutenant Bradley, rather than Dawes, who made the earliest quadrant observations at Sydney Cove.
Most of Dawes' Observations Also Go Missing
It has been generally believed that none of Dawes'astronomical observations have survived and in the strictest sense this is so. However, our knowledge of his activities is greatly enhanced by the existence of his letters to Maskelyne, written both during his posting and after his departure from the colony, and of a three-page document that lists his astronomical observations by type and date. This list was compiled by Dawes in December 1799 as part of his plea to the Board of Longitude for recompense for his work at Sydney Cove. 122 These manuscripts (or journals) were apparently supplied to Wales so that he could complete Dawes' calculations and prepare the record for publication. 123 Wales died while in possession of the journals, before his task (which was to be paid work) was finalized. Dawes was shortly thereafter appointed to succeed Wales at the Christ's Hospital school, apparently (and uncomfortably) residing within the Wales household, and it was there that he came into the possession of his old journals. He studied, in detail, what work Wales had performed in finishing off his observations, and it seems that he considered it to be not very extensive. 124 In a letter addressed from Christ's Hospital dated 5 December 1799, Dawes informed Maskelyne that he wished to forward his journals to George Gilpin, the clerk of the Royal Society (and soon to be appointed Secretary of the Board of Longitude) for safe-keeping. 125 However, there was some dispute regarding Dawes' request. It seems that Maskelyne did not want this to occur, for reasons that are not obvious. According to Dawes, the widowed Mrs Wales was decidedly cool towards him, possibly because she had a claim on his journals: her late husband not having been paid for the work he had performed. Dawes was not letting the journals go easily, but it is not known what then happened to them. None of the Sydney Cove astronomical results then in preparation was ever published, with only his sixth journal-the meteorological one-his astronomical listings as briefly described here, and various letters having survived. On 8 March 1800, he eventually got recompense for his Sydney Cove observations, one hundred pounds from the Board of Longitude, handed to him personally by George Gilpin. 126
Dawes and Gravity
In addition to his primary astronomical observations to determine longitude, Dawes' letters to Nevil Maskelyne suggest that he had gravity measurements in mind. This is obvious from his letter of 1 October 1788, where he reported that his pendulum was losing on sidereal time:
I fixd very firmly the Clock in a niche of a solid Rock, on Sat. y the 6 th of Sept. r and by Altitudes taken at two or three days interval found it to be losing at the rate of about 36, 00 on sidereal time in one sidereal day but this Rate seems to be increasing as it did at Rio de Janeiro for in these last 11 Days the Clock has lost after the Rate of 37, 25 on sidereal time in one sidereal day… 127 This sentence would have been of considerable significance to Maskelyne, for he knew which Shelton pendulum clock Dawes had with him and he also knew precisely the length at which its pendulum was set.
Maskelyne, it appears, had arranged a particular length to be used and it seems that in Dawes' case he set the length to be that for 45 • latitude, i.e. 39.111 inches. The information was therefore sufficient for Maskelyne to calculate 'absolute' (and comparative) gravity for Dawes' observation site and this would have slotted in with other gravity/pendulum observations in Maskelyne's possession, observations he had been collating since the late 1760s (for example, Green's observations during Cook's first voyage). 128 Modern calculation has confirmed that Dawes' Sydney Cove pendulum observations were legitimate, as they give a realistic measurement of absolute gravity. 129 In a later letter to Maskelyne, dated 16 April 1790, he described his pendulum's motion: 'its arc of vibration is 1 • 30 + and continues constantly the same'. It would seem that Dawes understood full well the importance of his observations as this measurement of the pendulum's vertical arc was specifically to enable Maskelyne to refine the Sydney Cove gravity value. 130 We conclude that Dawes, like Dagelet, did make absolute gravity measurements on Australian soil and in this case the record has survived.
Conclusion
The letter that Joseph Lepaute Dagelet wrote to William Dawes on 3 March 1788 included a set of geographic co-ordinates for the temporary observatory that he had set up on the northern shore of Botany Bay. These co-ordinates, with the longitude calculated by Dagelet and his assistant d'Arbaud, were determined using Lalande's lunar and astronomical tables (to which Dagelet had been a contributor) and a number of previously travelled and historically significant instruments, including a large quadrant by Langlois, a meridian telescope by Rochon, La Condamine's invariable pendulum, three astronomical pendulum clocks by Lepaute and a number of other state-ofthe-art instruments such as reflecting circles designed by Borda and English-made sextants.
The survival of the geographic measurement at Botany Bay has opened a small but important window on to the quality and importance of the scientific work of the Lapérouse expedition, an aspect of its achievements on which little has been written. The great tragedy of the expedition, apart from the terrible fatalities, was the almost total loss of the scientific records, most of which were kept in the scientists' stored collections, in their on-board journals and in the material collected and held by Lapérouse in view of its planned 
Postscript and Recommendation
Archaeological research has firmly established the location of Dawes' 1788 observatory. Although no physical remains have survived, there is strong evidence that it was situated next to the site of the southern pylon of the Sydney Harbour Bridge. The excavation site, although protected, can be viewed by the public.
By contrast, the location of Dagelet's observatory and the Lapérouse expedition's stockade with its 'wretched wooden hedge surrounded by trenches', its boat construction site and its garden beds 132 has yet to be identified. An inspection of the grassed landscape surrounding the Lapérouse monument on the northern shore of Botany Bay does, however, indicate, albeit subtly, areas of uneven ground including a three-metres-wide linear feature extending from the exposed sandstone plateau towards Frenchman's Bay. This broad and elongated feature, discoloured in places (and difficult to discern when viewed from alongside) is at times clearly visible at a distance (see Figs 5 and 6).
In January 2008, the authors made a series of reconnaissance ground-penetrating radar (GPR) traverses across the grassed area from the Lapérouse monument towards Father Receveur's grave. This reconnaissance was specifically made to test the suitability of the GPR method in discriminating near-surface responses such as could be expected from remnants of the French camp, such as a hedge line, trenches, boat construction site, garden beds and manmade objects, and also in identifying the local geology, particularly areas of undisturbed soil and the depth to the buried sandstone plateau.
The GPR technology has proven to work exceptionally well in this environment, with ready identification of the top of the buried sandstone (identifiable in the GPR imagery by an accretion level) and positive identification of shallow disturbed areas, as well as a number of buried man-made objects, including recently-laid pipes and conduits. The linear feature previously mentioned has a well-defined and shallow GPR response across its entire three-metre width with an indicated depth of less than fifty centimetres (see Fig. 7 ). There is justification from both visual and GPR evidence for a detailed archaeological study to be made of the grassed area that surrounds the Lapérouse monument.
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1.
The Je voudrois encore que votre pendule soit placée de manière a ce que vous puissiés voir le cadran et l'éguille des seconde lorsque vous etes monté sur la plate forme du q.c. Autant que vous le pourrés évités les comparaisons ou la necessité d'en faire sur les machines de cet ordre, c'est une discution de moins dans vos reductions et une simplicité de plus dans vos journaux. N'oubliés jamais de noter les moindres verifications, les plus legers changements et les amélioration que vous ferés sur vos instruments, car cette circonstance ajoute beaucoup à la confience de ceux qui aiment à discuter, cela vous évitera tous les ci, les mais, des hommes de mauvaise foi. Voila Monsieur des conseils dont vous n'avés pas sans doute de besoin, et je ne vous les adresse que par l'extréme certitude que j'ai que vous les regardrés comme une preuve de ma sincere amitié et de mon attachement à tous vos interets.
Permettés moi presentement de vous offrir un tableau des recherches que votre zele et vos lumieres rendroit interessantes et utiles aux sciences. Votre integrité y donneroit un mérite trés réel et une veritable certitude. Vous savés que les savans sont encore partagés sur la question : les marées des equinoxes sont elle plus fortes que celles des solstices? Sont elles égales, enfin quelle est leur force. La theorie sembleroit devoir les rendre plus grandes dans le solstice du Capric. mais rien de certain, que je sache, n'a été observé sur cette question. Vous savés qu'une regle bien graduée sur une pointe qui n'asseche pas etc. les vents, le thermometre sont necessaires a suivre dans ces sortes de recherches. La force ou la violence des vents dans cet hemisphere interesseroit la Phisique. Vous imaginés, Monsieur, aisement un moyen d'oposer à son action une surface parfaite d'une grandeur bien déterminée dont l'effort presseroit un ressort, ou emporteroit un poids qui donneroit les rapports dans toutes les circonstances. Il faudroit observer soigneusement que cette surface ne se meuve que dans un plan horizontal et qu'elle soit perpendiculaire au lit du vent. Ces sortes d'observations n'ont jamais été ny bien faite n'y suivie. Peut etre tireroit-on un grand parti de cette recherche dans l'architecture navale. Je ne doutte pas que vous ne puissiés trouver des choses plus simple que celle que je jetterois sur le papier, la construction même vous en fournira beaucoup.
Si dans un tems plus reculé de votre établissement il est possible de vous procurer un secteur de 6 ou 8 pieds de Rayon, une entreprise plus grande et plus digne de vous, Monsieur, ce seroit de tenter ici la mesure d'un degré du meridien sous cet hemisphére. C'etoit le plus grand voeux de l'Academie et le mien propre en commencant cette campagne et je ne desesperois pas de terminer ce travail dans 4 mois en supposant une position favorable. Vous savés qu'il existe sur cette matière une foulle de bons ouvrages, Bouguer pour unAstronome me semble le meilleur.
Si dans vos travaux purement Astronomique vous vouliés vous occuper de comparer la recherche de l'ascension droite du Soleil ou de quelques etoiles qui ont servi de fondement au coelum Australis, cela m'interesseroit trés particulierement, et si vous le jugiés convenable, j'en ferois homage de votre part à l'Academie des Sciences. Si vous observiés aussi quelques conjonctions de Venus, soit superieure ou inferieure, vous savés peut etre que je me suis occupé de ses mouvements et que je compte revenir un jour sur ce travail.
Les variations diurnes de l'Eguille aimantée occupe bien des têtes en Europe. J'ai eu l'honneur de vous dire à quoi ce reduisoit cette recherche. Une éguille de 8 à 10 pouces dans une boite en bois posé sur un des blocs qui suit votre observatoire, ce seroit un point stable pour la bien fixer.
J'avois toujours desiré vous retrouver pour eclaircir toutes ces questions mais je crains de vous avoir dejà paru long et je termine en vous envoyant la longit. et lat. Baye Botanique. Veuillés faire agréer mes civilites à tous ces Messieurs, au Cpt Hunter. Je profite de vos matelots pour vous faire mes adieux et mes offres trés sinceres en France sur tout ce dont vous me trouverés capable.
Je profite de l'offre que vous m'avés faite, et je vous serois obligé de remettre ou de faire passer en Angleterre un paquet que j'adresse à M. de la Lande, et une lettre à l'Ecole Royale Militaire, cette derniere peut etre remise à la poste mais je vous demandrai de vouloir bien adresser celle de M. de la Lande à M. de Maskeline pour la lui faire passer ou si vous l'aimés mieus au D. Sepherd, en metant une 2 e envelope sur celle ci et l'adressant ou au Ministre de Paris ou à celui de la guerre. Vous voyés Monsieur que j'abuse peut etre un peu de votre complaisance. J'ai presenté vos compliments à M de la Perouse et a nos Messieurs et je suis chargé de vous témoigner la reconnaissance générale. P.S. Nous vous avons renvoyés ce matin un matelot qui a été presque victime des naturels, sans nos chasseurs qui furent a son secours il est probable qu'il eut succombé sous le nombre. Veuillés, Monsieur, dans vos courses songer qu'ils ne méritent, ces naturels, qu'une trés legere confience, leur bonne foi est suspecte et je vous engage a ne vous ecarter que peu sans vos armes.
NOTE
Dagelet souhaite le bonjour à Monsieur Doves. Il seroit bien flatté d'aller prendre ces comissions pour l'Europe et il le fera s'il est un peu debarassé de ses occupations avant son depart; il n'a point oublié les objets d'occupations qu'il croit le plus interesser les savans dans le moment present. Il compte aussi lui envoyer les resultats de ses obs. pour la longitude et la lat. de la baye de Botanique. La latitude differera peu de 33 • 59 0 , la longit. de 149 • 2 or. Paris, mais il les lui envera et prendra la liberté de s'adresser a son journal avant son departdans toutes les suppositions il prie Mr Doves de lui presenter ses civilités, il seroit jalloux de partir sans avoir l'honneur de lui rendre ses devoirs et sans admirer les fondements de l'observatoire Maskeline. Nous avons bu à vos santés.
Translation
At Botany Bay on 3 March 1788
It is with much regret that I see myself on the point of leaving you without any hope of going to visit your observatory. Mr de La Perouse claims that I am too weak to undertake such a long expedition, and the zeal he shows for my health makes it my duty to agree with him. M. Boutin has easily explained to me the plan you have chosen and that you are currently having carried out. I find that your quadrant is perfectly well placed and leaves nothing to be desired from any point of view. Will you cover it with a little cone-shaped dome which turns on itself? This is something very handy for the observer, and would also protect you from the humidity of the air at night, which I would strongly recommend to you for the sake of your health. You could have it constructed in tin or iron sheeting if you have a shortage of carpenters.
I would also like your clock to be located in such a way that you can see the face and the second hand when you stand on the platform of the quadrant. As far as possible you should avoid comparisons or the need to make comparisons on machines of this order-this will mean less discussion about your reductions and greater simplicity in your journals. Never forget to note the least verifications, the slightest changes and any improvements to your instruments, as such a circumstance will add confidence in those who like to argue, it will save you all those 'ifs' and 'buts' of disputatious people. This, Sir, is advice you doubtless do not need, and I am only offering it because of the absolute certainty I have that you will see it as a proof of my sincere friendship for you and my concern for all your interests.
Permit me now to offer you a picture of the research topics which your enthusiasm and insights would make interesting and useful to science. Your integrity would bring to them a very special quality and true certainty. You are aware that scientists are still divided on the question: are the tides at the Equinox more powerful than the tides at the Solstice? Are they equal, or what is their force? Theory would seem to render them stronger at the solstice of Capricorn, but as far as I know nothing definitive has been observed on this question. You know that a well graduated rule on a headland, which does not dry out etc. the winds, and a thermometer are necessary to follow in this sort of research. The strength or violence of the winds in this hemisphere would be of interest to Physics. You can easily imagine a means, Sir, to oppose to its action a perfect surface of a clearly determined size, whose force would press a spring or would move a weight which would give the relationships in all circumstances. It would be necessary to ensure carefully that this surface move only on a horizontal plane and that it be perpendicular to the lie of the wind. These sorts of observations have never been made properly nor have they been followed up. It is possible that great benefits would result from such research to naval design. I have no doubt that you could find much simpler things than the ones I would put on paper-your very construction will provide you with many such.
If at some future stage in the development of your establishment it were possible for you to procure a sector with a radius of 6 to 8 feet, a grander enterprise, and one more worthy of you, Sir, would be to attempt to measure a degree of the meridian under this hemisphere. That was the greatest wish of the Academy and also my own at the outset of this campaign-I did not despair of completing this task within 4 months, provided that the position was favourable. You know that there is a host of good books on this topic, Bouguer's for an Astronomer seems to me the best.
If in your purely astronomical inquiries you would devote time to the comparative research of the right ascension of the Sun and some of the stars which provide the setting of coelum Australis, that would be of particular interest to me, and if you judged it appropriate, I would offer it on your behalf to the Academy of Sciences. If you were also to observe some of Venus's conjunctions, either superior or inferior, you know perhaps that I have studied its movements and intend to return to this research one day.
The daily variations of the magnetic needle occupy many minds in Europe. I have had the honour of telling you what this research amounted to. An 8 or 10 inch needle in a wooden box placed on one of the blocks which goes with your observatory would provide a stable point to fix it firmly. I take advantage of the offer you made to me and I would be obliged to you if you would forward or have sent to England the packet which I addressed to M. de la Lande and a letter to the Royal Military School. The latter can be entrusted to the Post but I would ask you to be so kind as to forward that of M. de la Lande to Mr de Maskeline for him to pass it on to him, or, if you would prefer, to Doctor Sepherd, putting a second envelope over the other, and addressing it either to the Minister in Paris or to the Minister of War.
You see, Sir, that I somewhat abuse your kindness. I have presented your compliments to Mr de la Perouse and to our gentlemen, and I am charged with expressing their general gratitude. P.S. This morning we sent back a seaman who was almost the victim of the natives. Without the help of our chasseurs who went to his rescue it is probable that he would have been overcome by numbers. Please be so kind, Sir, in your travels to think that they, these natives, merit only a very limited measure of trust, their good faith is suspect, and I urge you not to venture too far without your weapons.
